Introduction
Colorectal cancer is the second most common cause of cancer death in Western Europe and North America. Each year in the UK, there are approximately 35,000 new cases and 16,000 deaths attributable to this disease 1 . Overall survival is poor; even in those who undergo resection with curative intent, only half survive five years 2 . Prognosis and thereby optimal treatment can be partly predicted by clinico-pathological criteria.
Tumour stage, in terms of the extent of local spread and lymph node status, has long been recognised to predict outcome. This is the basis of the Dukes' and TNM staging systems which have four main categories 3 4 .
However some stages, e.g. Stage II (T3/4 N0, Dukes B) include patients with a wide range of clinical outcomes. Additional clinically applicable prognostic features have therefore been sought. Pathologically determined criteria which provide independent prognostic information following resection of node-negative colorectal cancer have been identified by Shepherd's group 4 . These are: peritoneal involvement, venous spread (both submucosal and extramural), spread to involve a surgical margin, and perforation through the tumour. The so-called Petersen prognostic index (PI) combines these four factors in a simple cumulative scoring system. Patients have a worse outcome when more of these features are present. Thus in lymph node negative disease, a group which makes up 40-50% of surgical resections for colorectal cancer 6 7 , 5 year survival of 75-90% is reported;
however, where high risk pathological features are present survival is similar to node positive disease 8 9 . The Petersen Index can select patients at high risk of tumour recurrence who may benefit from adjuvant treatment and is validated in Dukes B and C (single positive node) colorectal cancer 5 10 .
Since the first study by Jass and colleagues 11 , the presence of a pronounced tumour inflammatory infiltrate has also been recognised as an important determinant of good outcome following potentially curative resection for colorectal cancer 12 13 14 . More recently, Galon and co-workers 15 concluded that the type and density of immune cells in and around the tumour were a primary determinant of tumour progression. However, assessment of the tumour inflammatory infiltrate is not routinely performed: for example, presence of tumour infiltrating lymphocytes is listed as non-core data within the RCPath guidelines 4 . This is largely because its assessment has been perceived to be more subject to inter-observer variation than the standard staging and Petersen parameters 16 17 .
Recently, however, Klintrup and colleagues described a simplified method for structured scoring of the inflammatory reaction at the tumour invasive edge 18 . This includes all white cell types and results in a binary score of low-grade or high-grade.
The aim of the present study was to examine the prognostic value of a simple assessment of the tumour inflammatory infiltrate in addition to routinely reported tumour pathological criteria including the Petersen Index in patients undergoing curative resection for node negative colorectal cancer. Furthermore the prognostic value of inflammatory infiltrate and tumour margin characteristics in node negative disease will be examined. 4 . All other pathological data were taken from the pathology reports issued at the time of resection.
Materials and methods

Consecutive
The routine haematoxylin and eosin slides were retrieved from the pathology archives. A minimum of three slides per specimen were selected from the deepest area of tumour invasion and scored according to both Jass 11 and Klintrup 18 criteria. The Klintrup method is based on the deepest point of invasion identified from the 3 slides and this provides the overall score for the specimen.
Jass scoring of slides was carried out as described previously 11 17 . Briefly, the term "peritumoural lymphocytic infiltrate" was applied to the stromal response at the tumours' invasive edge. A specific and important feature of this response is the presence of a loose connective tissue lamina or cap (resembling lamina propria) at the deepest point of tumour penetration. The tumour glands are often heavily infiltrated by neutrophils but lymphocytes are not necessarily present in large numbers: it is the connective tissue stroma which is the most important feature. The tumours were scored on a 2-point scale as peritumoural infiltrate either present or absent.
Klintrup scoring of slides was carried out as described previously 18 . is considered good). CSDR then scored all slides (n=200) and these data were used in the analysis.
The Petersen Index was generated from scores allocated to the four selected pathological variables present in a tumour specimen. Intra or extramural vascular invasion, peritoneal involvement and surgical margin involvement were allocated a score of 1.
Tumour perforation was allocated a score of 2. The total score is calculated and the PI considered low risk where the score is 0 or 1 and high risk from 2 to 5 5 10 .
In the Royal Infirmary, patients undergo regular follow-up (3 months, 6 months and then yearly to five years) with yearly CT scanning and regular colonoscopic surveillance until 5 years post surgery. Information on date and cause of death was checked with that received by the cancer registration system and the Registrar General (Scotland). The study was approved by the Research Ethics Committee, Royal Infirmary, Glasgow.
Statistics
Grouping of the variables was carried out using standard thresholds. Univariate survival analysis and multivariate survival analysis with calculation of hazard ratios (HR)
were performed using Cox's proportional-hazards model. A stepwise backward procedure was used to derive a final model of the variables that had a significant independent relationship with survival. To remove a variable from the model, the corresponding Pvalue had to be greater than 0.1. Deaths up to August 2008 were included in the analysis.
Inter-relationships between variables were assessed using contingency table analysis with the chi-squared test for trend as appropriate. Because of the number of statistical correlations, a P value of <0.01 was considered to be significant. Analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
Results
Baseline clinico-pathological characteristics and relationship with cancer specific survival of the patients with node negative disease (n= 200) who underwent curative surgery for colorectal cancer are shown in Table 1 . The majority of patients were 65 or older (68%), were male (55%), and had colon cancer (66%). Eighteen (9%) patients received adjuvant chemotherapy. Median number of lymph nodes sampled was 14 (range 1-41) for colonic tumours and 12 (range 1-41) for rectal tumours. 62% of patients had twelve or more lymph nodes harvested (Table 1) . Overall the mean number of lymph nodes sampled was 14, the frequency of extramural venous invasion was 24% and serosal involvement was 22%, in line with current audit standards set by the Royal College of
On routine pathological analysis, the minority of patients had evidence of the 'highrisk' pathological features including poor tumour differentiation (9%), extramural vascular invasion (24%), peritoneal involvement (22%), margin involvement (8%), tumour perforation (3%) or perineural invasion (8%). The minority of patients were thus classed as low risk by the Petersen Index (11%). On assessment by Jass' criteria, 61% (n=121) had tumour margins classed as expanding and the majority (74%, n=148) had no peritumoural inflammatory infiltrate. On assessment using Klintrup's criteria, 59% (n=118) patients were given scores of 0 or 1 (low grade inflammation) and 41% (n=82) were given scores of 2 or 3 (high grade inflammation). In the present study of patients with node-negative colorectal cancer we have confirmed the finding that a high risk PI is associated with poorer cancer specific survival.
However, the majority of patients (89%) were identified by the PI as low risk. Therefore it was of interest that the presence of a low-grade tumour inflammatory cell infiltrate (Klintrup criteria) was associated with an approximately 3-fold poorer cancer specific survival in these low-risk patients. In the present study, tumour inflammatory cell infiltrate assessed using Jass criteria was also examined. However, in terms of predicting cancer specific survival, the Klintrup criteria were superior to that of Jass. Taken together these results would suggest that tumour inflammatory cell infiltrate, in particular using Klintrup criteria, should be considered for inclusion in routine pathological reporting of colorectal cancer.
In the present study it was interest that both Jass and Klintrup criteria were inversely associated with T stage and an infiltrating tumour margin. The presence of infiltrating growth pattern appears to be similar to the phenomenon known as dedifferentiation, where there is a dissociation of tumour cells at the invasive front allowing these cells to migrate away from the main tumour, which may represent a morphological assessment of 'tumour aggressiveness' 22 . This feature has also recently been described as 'tumour budding' where there is a transition from glandular structures to single cells or clusters of up to four cells the invasive margin of colorectal tumours 23 . A high-grade local immune response may represent effective host cellular immune responses preventing the invasive margin from developing an infiltrating or budding appearance. These results are consistent with the detailed analysis of the tumour immune response in patients with colorectal cancer by Nielsen and co-workers 13 and Galon and co-workers 15 . Furthermore, the results of the present study are consistent with the concept that the type, density, and location of a variety of immune cells, and not an individual immune cell type, is an important independent determinant of cancer specific survival in patients with colorectal cancer.
The Klintrup method used in the present study differs from previous methods of assessing immune cells within the tumour as it is a structured assessment of all white cell types at the invasive margin. The technique can be applied to routine H&E specimens with no special staining required. Previous assessments of peritumoural inflammation have been criticised for the subjective nature of the scoring methodology 16 17 . In the present study the simple scoring method described by Klintrup was applied with relative ease and, as the low inter-observer variation demonstrates, it is reproducible. In the present study, Klintrup's scoring was undertaken using the original 4-point method, subsequently modified to a 2-point score (high and low grade) (Figures 1 and 2 ). This methodology was similar to the original Klintrup study and we would recommend a similar method be applied when classifying tumours in future studies. In summary, assessment of peritumoural inflammatory cell infiltrate provides independent prognostic information in node negative disease and should therefore be considered for future inclusion in routine pathological reporting of colorectal cancer. 
